Summary Glucokinase plays an important role in the regulation of insulin secretion and is therefore an attractive candidate gene for both insulin dependent (IDDM) and non-insulin-dependent (NIDDM) diabetes mellitus. A single G-A nucleotide polymorphism at the -30 position of the beta-cell specific promoter region of the glucokinase gene was previously associated with reduced beta-cell function. In the present study we analysed 268 consecutive newly diagnosed Swedish patients classified with either IDDM (n = 205), NIDDM (n = 31) or unclassifiable (n = 32) diabetes between the ages of 15 and 35 years along with a group of 158 age-and sex-matched control subjects. The beta-cell promoter region was amplified by the polymerase chain reaction and the G-A variant identified by single strand conformational polymorphism. There was no significant difference in allele frequencies of G and A between any of the subject groups and likewise, no significant difference in the frequencies of the G/G, G/A, or A/A genotypes. Eight subjects were homozygous for the less common A allele, five had IDDM and three were control subjects. Our results suggest that the -30 beta-cell glucokinase promoter variant is not associated with IDDM. [Diabetologia (1997) 40: 959-962) Keywords IDDM, NIDDM, glucokinase gene, polymerase chain reaction, single strand conformational polymorphism, islet cell antibodies, GAD65 antibodies.
sequence repeat polymorphism located approximately 10 kilobases (kb) 3′ of the human glucokinase gene and NIDDM in American blacks [7] , Mauritian Creoles [8] and Japanese [9] . More recently, a single G-A substitution at position -30 of the beta-cell specific promoter of the glucokinase gene has been reported in Japanese-Americans [10] , French [4] , African-Americans [11] , and Caucasian Americans [3] . Since beta-cell function was reduced in subjects with the -30 beta-cell glucokinase gene promoter variant [10] , the aim of the present study was to determine the beta-cell glucokinase promoter polymorphism in a population-based study of Swedish 15-35-year-old, new-onset and consecutively diagnosed diabetic and control subjects [12] . It was hypothesized that the variant single nucleotide substitution would be associated with diabetes in this particular age group.
Subjects and methods
Subjects. Since 1983, all newly diagnosed Swedish diabetic patients, 15-34 years of age, have been registered by the Diabetes Incidence Study registry in Sweden (DISS) [12, 13] . Genomic DNA was extracted from peripheral blood leukocytes. In this study, DNA was available from 268 diabetic and 158 healthy control subjects who were selected from the Swedish population register to match the patients on the basis of age and gender, but not place of residence ( Table 1 ). The patients were diagnosed in 1987-1988 and represent randomly selected subjects from a large registry of consecutively diagnosed diabetic patients in Sweden [14] . The patients were classified according to standard World Health Organization (WHO) criteria for IDDM and NIDDM. Unclassifiable patients are reported as unclassified.
Detection of the glucokinase beta-cell promoter polymorphism.
The presence of the G-A substitution was identified [15] by single-strand conformational polymorphism (SSCP) analysis [16] . A 177-base pair (bp) fragment of the 3′ region of the promoter was amplified by polymerase chain reaction (PCR) using genomic DNA as a template. PCR primers were: primer beta 2-5′ (CAA GGC GAT TGA GTG GTC ACC ATG) and primer beta 2-3′ (GAC TGT GTC TCT CAC ATC CTA GCC). PCR was performed in 10-ml reactions containing 10 ng DNA, 1 . The diluted samples were denatured for 3 min at 94°C and then plunged onto ice. Single-stranded fragments were electrophoresed in a 5 % polyacrylamide gel containing 10 % (vol/vol) glycerol at 75 W for 5 h at 39°C. The gels were dried and then autoradiographed for 40 h. The (SSCP) analysis allows an unambiguous detection of the G-A substitution [15] . The films were scored by two independent observers.
HLA typing and islet cell autoantibodies (ICA).
HLA genotyping of these patients was carried out as described elsewhere [17, 18] . ICA were determined by indirect immunofluoresence as previously reported [12] . GAD65Ab were determined in a radioligand binding assay [19, 20] . Our laboratory participated in the ICA and GAD65Ab workshops and proficiency testing (100 % specificity and 100 % sensitivity in the 1996 serum exchange).
Statistical analysis.
Associations between allelic and genotypic frequencies in control subjects and diabetic patients were tested with a chi square test with Yate's correction where needed. Fisher's exact test was used when the expected number of alleles or genotypes in either the patient or control groups was less than 5 under the null hypothesis of no association. A logistic regression analysis was also used to compare genotype frequencies in IDDM patients and healthy control subjects. In addition, associations between the glucokinase gene polymorphism and HLA, ICA and GAD65 antibodies were also assessed with Chi-square tests. When such tests were inappropriate due to sparse contingency tables, exact permutational tests [21] were used instead.
Results
Allele frequencies of G and A for control subjects as well as patients with IDDM, NIDDM and unclassifiable diabetes are shown in Table 2 . The allele frequencies of G varied between 84 and 86 % in the different subject groups while the frequencies of A varied between 14 and 16 %. Consequently there was no appreciable difference in allele frequency between any of the subject groups. Moreover, the gene frequencies of G/G, G/A, and A/A revealed no difference between any of the subject groups. The genotype distribution by gender in the control group also showed no difference between males and females (data not shown).
Of the subjects studied, 241 were male and 185 were female. There was a significant gender difference in the IDDM patients (123 males and 82 females); however, no significant difference in genotype (G/G, G/A, or A/A) frequency between males and females was detected between age groups 15-20 years, 21-25 years, 26-30 years, and 31-35 years (Table 3) . Of the subjects studied, only eight (four males and four females) were found to be homozygous for the less common A variant. Five of these eight had IDDM while three were control subjects. Logistic regression analysis was used to compare genotype frequencies in IDDM patients with the healthy control subjects. Since some of the controls were matched to IDDM patients on the basis of age, gender and region, attempts were made to adjust for these partially matched variables in the regression. There was no statistical evidence of association between the glucokinase polymorphism and IDDM either a) ignoring the effects of HLA-DQ (p = 0.78), or b) after adjusting for the effects of HLA-DQ (p = 0.58). Finally, analysis of contingency tables showed that neither ICA positivity (p > 0.62), ICA levels (Juvenile Diabetes foundation units) (p > 0.89), nor GAD65Ab positivity (p > 0.76) was associated with the glucokinase gene beta-cell promoter variant.
Discussion
A recent study has suggested that a G-A polymorphism at the − 30 position of the beta-cell specific glucokinase promoter region is associated with glucose tolerance in Japanese-American subjects with impaired glucose tolerance [10] . This study excludes association in the Swedish population of this single base pair variant with diabetes in 15-35-year-olds, whether classified with IDDM or NIDDM.
The patients and control subjects studied represent a group of individuals from a homogeneous population. Although it was not possible to analyse all of the patients in the DISS investigation [12] , the control and IDDM patients were well matched. Therefore, it is possible for us to conclude that the beta-cell specific promoter variant does not represent a genetic risk factor for IDDM in Swedish 15-35-year-olds. The number of NIDDM (n = 31) and unclassified (n = 32) subjects studied was small however. The classification of these patients was further complicated by the possibility that some of these patients in fact represented slow-onset IDDM patients; 6 of 31 (19 %) NIDDM and 14 of 32 (44 %) unclassifiable patients had ICA. Nevertheless reclassification of these individuals to the IDDM group did not change the frequency of the glucokinase promoter genotypes. Since diabetes is difficult to classify in this age it is not possible to make a definite conclusion about the association of the promoter variant with NIDDM.
Mutations in the coding region of the glucokinase gene have been associated with MODY in approximately 60 % of French and other families with a history of MODY [22, 23] . However, these mutations account for less than 1 % of the more prevalent form of NIDDM. More importantly, it was observed that the G-A variant at the − 30 position in the beta-cell specific glucokinase promoter was associated with reduced beta-cell function in Japanese-American men [10] . This variant has also been shown to be more prevalent in individuals with IGT than in NIDDM patients in a Finnish population [24] .
It was observed that the G-Avariant was associated with a major decrease in promoter activity in vitro [25] . Although the in vivo activity of the glucokinase beta-cell promoter is not known, the A variant may contribute to IGT in Japanese. The polymorphism is located in a 26-base pair region of DNA which is homologous between human and rat. The high degree of conservation at this locus, along with these preliminary studies of the transcriptional activity indicate that the promoter region of the glucokinase gene may be important to human beta-cell function. Our study in this large group of Swedish diabetic patients, along with sex-and age-matched control subjects, did not reveal that the promoter variant is a risk factor for IDDM. This is further supported by our analysis of the first 207 subjects in the Swedish Childhood Diabetes Study [26] which in a simple analysis of contigency tables revealed no evidence of an association between IDDM and the glucokinase promoter polymorphism among the 0-14-year-olds (p = 0.52), confirming the results of the analysis of the 15-34-year-olds.
It was recently reported that microsatellite markers in and around the glucokinase gene showed significant linkage and association to IDDM in a sib pair analysis using families with at least two affected members [5] . It is possible that these microsatellite markers are located at a distance from the beta-cell specific promoter which precludes linkage disequilibrium and detection by genetic association. In summary, our analysis does not support the hypothesis that the glucokinase 64 (78) 17 (21) 1 (1) gene beta-cell specific promoter variant is a risk factor for IDDM in the Swedish population. The possible importance of the beta-cell specific promoter polymorphism in Swedish NIDDM patients needs to be studied in subjects older than 35 years of age.
